Abstract -The objective of the AIDA project (Artificial Intelligent Dental Agents, http://aida.uni-hd.de) is the analysis of dental decision-making, the design of a computerbased decision support system, as well as the testing of the decision structure in interactions with dental experts, practicing dentists, and patients. The planning of the solution alternatives for an individual patient is based on a top-down structure for dental decision-making, aiming at a standardization of the argumentation. From a theoretical point of view, decision support can be provided only for anticipated decisions (planning). Moreover, only parts of these anticipated decisions can be supported. Accordingly, a separation of these partial aspects has to take place before one is able to build decision support systems. For prosthetic dentistry, clinicians have been shown how to use individual patient findings to sketch the possible treatment alternatives and later derive guidelines for the treatment. The planning module for fixed prostheses has already been integrated into a software agent. Planning modules for other types of prostheses are currently specified, implemented, and verified.
D

Introduction
D
ental treatment planning strongly depends on the educational background and the personal experiences of the dentist, as well the thoroughness and precision of the treatment planning. Therefore, the AIDA team developed a system for decision-making in dentistry, as part of the University of Heidelberg project to clarify these planning requirements (Finkeissen, 2002) .
Prior approaches for dental treatment planning were restricted to partial aspects of a solution (Cordato, 1996; Han et al., 1998; Sellen et al., 1998; Zhang et al., 1998; Balch et al., 1999; Okumura et al., 1999; Pan et al., 1999) . In contrast, AIDA's methodology aims at a top-down partitioning of dental decision-making. Here, the separation of medical, technical, economic, and legal aspects organizes the multi-dimensional complexity of dentistry into small, easy-to-handle planning modules.
Before building a decision support system, one must clarify the parts of the dental tasks that have to be anticipated, i.e., planned. Moreover, not all parts of the planning can be automated. And computer support is useful only in cases of optimization of the overall treatment process. In other words, computer-based decision support can cover only specific parts of the dental tasks (Fig. 1) .
Medical Informatics deals with the systematic processing of data, information, and knowledge in the medical field and in health care (Haux, 1999) . According to Dr. John Eisner, Dental Informatics is the 'application of computer and information science to improve dental practice, research and program administration' (Eisner, 1999) . Accordingly, Dental Informatics deals with respective tasks in the field of dentistry. In addition to other "ingredients", detailed domain knowledge is required to build knowledge-based decision support systems. Therefore, there must be a close relationship between Dental Informatics and the construction of dental decision models.
The AIDA Methodology
AIDA starts planning the general goals for dental treatment and derives patient-specific target criteria from the patient's individual findings. Based on this information, AIDA is supposed to plan all treatment alternatives meeting these target criteria. These treatment alternatives are presented as equivalents, which allow the practicing dentist to select the individually appropriate type of therapy. Here, "no prosthesis necessary" also represents a valid option in the decisionmaking process.
However, a decision methodology is abstracted from individual cases and cannot include all aspects of any individual patient. Accordingly, it is up to the dentist to select one of AIDA's treatment suggestions and examine it in detail, if desired.
Since many of the fixed prosthetic solutions in dentistry involve more than one tooth, an appraisal of their necessity should be performed as early as possible; only this allows for the assessment of their effects on other teeth. After the possible prosthetic treatment alternatives have been determined, detailed questions can be clarified to test the concrete applicability of the desired prosthetic solution (i.e., periodontal A AI ID DA A: : W We eb b A Ag ge en nt ts s i in n D De en nt ta al l T Tr re ea at tm me en nt t P Pl la an nn ni in ng g requirements).
A comparison of AIDA treatment planning with real-life patient records has already yielded valuable indications for extensions and adaptations related to the planning rules (Cordato, 1996) . The current version of AIDA includes specific planning aspects of restorative dentistry which are related to the planning of a prosthetic construction. From this extension, a further increase in both recall and precision is expected in AIDA's planning.
The Current AIDA Agents
The AIDA interface supports the anonymous coding of the findings. The information is sent to the AIDA agent, where the actual planning is carried out. In the planning system, the transferred findings are checked for integrity according to plausibility rules. Only after the integrity of the transferred information has been established can AIDA suggest plans.
The transfer of findings is currently being adapted to a new standard established within the AIDA project. This new standard is aiming at a concise coding of the patient status, with a current emphasis on information about the set of teeth.
After re-implementation, the AIDA planning suggestions can be accessed both via Web browser and by other machines (e.g., dental billing software) (Fig. 2) .
AIDA's planning module has been implemented incrementally. Each of its subagents can answer the following questions in terms of individual treatment planning:
• How many solutions are there?
• How can they be described?
• What do they look like? In the next versions, the AIDA agents will be able to provide information on further questions:
• What is the rationale for the decisionmaking of each solution? • How can a guideline for the implementation of the treatment be provided? • How much does the solution cost?
In the latest version, AIDA's output is provided in XML format and can be visualized in a human-readable form by style sheets. Thus, both humans and machines can use AIDA's planning, where the styles can be adapted to the user roles (expert, practitioner, patient).
The solutions provided by AIDA can, therefore, be passed along to a billing program and shown on the planning form. The dentist can accept one of the suggestions and edit it as desired. The treatment planning for fixed prostheses can soon be planned online and for free (Fig. 3) .
Evaluation is a fundamental and wellknown problem in knowledge-based decision support. Since no general rules for the evaluation of dental planning are available, a committee of dental experts has been formed to serve as a gold standard. This committee examined real-life cases acquired from patient records. The first comprehensive evaluation of AIDA demonstrated that up to 68% of the AIDA suggestions were deemed practicable and relevant by dental experts (Finkeissen et al., 2002b ). An integration of further dental aspects is assumed to increase the planning recall of the next version of AIDA, which will soon be available online.
Discussion
The computer cannot replace the dentist. A machine cannot make decisions on its own, because it does not understand the F Fi ig g. . 3 3 --The Web interface of the AIDA agent for dentists. For subsequent checking of appropriateness of the treatment alternative, the findings and their interpretation are also included in the planning output.
F Fi ig g. . 2 2 --Revised documentation abbreviations will make dentists' communication more precise. Implemented in XML, the information can be both automatically processed and appropriately presented for the respective user group.
patient's problems and needs in every detail. For this reason, computer-assisted decision-making in the future will remain a communication medium between experts and dentists. As a neutral authority, however, such a communication instrument can promote rational discussions among experts as well as between dentists and patients. Thus, it can help explain the necessity of, e.g., complex treatment alternatives.
During the development of AIDA, it became clear that a uniform and structured method of documentation for the comprehensible communication of dental decisions is essential. Fundamental deficits in the practice of dental documentation were revealed (Finkeissen et al., 2002a) . Currently, the AIDA team includes further specifications for dental documentation.
A nationwide expansion of the dental expert team will hopefully critique AIDA's output, thereby providing support for planning precision as well as the integration of a broader range of treatment alternatives into the AIDA methodology. As soon as AIDA includes a convincing number of treatment alternatives, its structure can also serve the definition of comparative studies on the evaluation of the individual treatment alternatives that can later be included into the AIDA approach.
